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(54) TItie: 16-HYDROXY-l HSUBSTITUTED PHENYL>-ESTRA-4,9"DIENE DERIVATIVES 
(57) Abstract 

The present 
invention relates to 16'hy- 
droxy- 1 1 -(substituted 
phenyl)-cstra-4,9-diene 
derivatives according to 
formula (I), wherein Ri is 
Ci^kyC Ca^ycloalkyl, 
Ci^koxy, triflate. 
pyridyl or i^enyl where 
the phenyl moiety is 
opdonally substituted by 
one or more substituents 
selected from cyano, 
halogen and Ci-4alkyl; 
R2 is hydrogen, Ci^l^l, 
l-oxo-Ci^kyl or 
cart)oxy-l-oxo-CMalkyl; 
Rs is hydrogen, halogen 
or Ci^kyl optionally 
substituted by one or more 

substituents selected firom Ci^koxy and halogen; R4 is hydrogen, Ci^kyl, lH>xo-Ci^kyl or caiboxy-l-oxo-Ci^kyl; and X is (H. 
OH). O or NOH; or a pharmaccutically acceptable salt or solvate thereof; to processes for their preparation, to pharmaceutical formulations 
containing tiiem and to dieir use in medical tiierapy, particularly in tiie treatment or prophylaxis of glucocorticoid dependent diseases or 
symptoms. 
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16-HYDR0XY-1 1 -(SUBSTITUTED PHENYL)-ESTRA-4.9-DIENE 

DERIVATIVES 

The present invention relates to certain 16-hyclroxy-11 -(substituted phenyl)- 
S estra-4.9-diene derivatives, to processes for their preparation, to 
phannaceuttcal formulations containing them and to their use in medical 
therapy, in particular in the treatment or prophylaxis of glucocorticoid- 
dependent diseases. 

10 US patent No.5,089,635 discloses certain 13-alkyl-1ip-phenyl-^nanes 
having antigestagenic and antiglucocortiooid effects. European patent 
specification No.0,057.115 discloses 19-nor sterdds and 19-nor-D-honK> 
steroids having anti-gluooovtioold activity. 

IS A numlser of 16-hydroxy-11-(sut)stituted phenyl)-estra-4.9^iene derivatives 
have now boon found which have a highly selective affinity to gluoooortiooid 
receptors and have potent in wvd anti-gluoooorticoid activHy. 

Accordingly, the present Invention provides compounds of formula I 

20 




wherein Ri is Ci^alkyl, Cwcycloalkyl, Ci^lkoxy, triflate. pyridyl or phenyl 

where the phenyl moiety is optionally substituted by one or more substituents 
25 selected from cyano, halogen and CMalkyI; 

Ra is hydrogen, Ci^alkyl. 1-oxo-Ci<alkyl or cart)oxy-1-oxo-Ci<alkyl; 

Rs is hydrogen, halogen or Ci^alkyl optionally substituted by one or more 

substituents selected from Ci^alkoxy and halogen; 

R4 is hydrogen. Ci^alkyl. l-oxo-Ci^alkyi orcart}oxy-1-oxo-Ci.ealkyl: and 
30 Xis(H.OH).OorNOH; 

or a pharmaceutically acceptable salt or solvate thereof. 
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The present Invention Includes the IB-hydroxy-ll -(substituted phenyl)-estra- 
4.9-diene derivatives of formula I wherein: 

1 . Ri Is phenyl, triflate, or Ci^^alkyl. for example, t-butyl, isopropyl or methyl. 
5 2. Ra is hydrogen. 

3. Rs Is hydrogen, halogen, fbr example, chloro. Ci^alkyl, for example, 
methyl, ethyl, propyl or t-txjtyl optionally sut}stituted by Ci^lkoxy. such as 
methoxy. 

4. R4 Is hydrogen or methyl. 
10 5. XisO. 

6. Ri. R2. Rs. R4 and X are as defined in points 1 to 5 supra or a 
phanmaceutically acceptable salt or solvate thereof. 

7. Ri is Ci^jalkyl, Cwcycloalkyl. triflate or phenyl; R2 Is hydrogen, Ci.ealkyl, 
1-oxo-Ci.6alkyl or cart)oxy-1-oxo-C».ealkyl; Ra "s hydrogen, halogen or 

IS Ci^alkyl optionally substituted by one or more substituents selected from 
Ci^alkoxy and halogen; R4 is hydrogen, d^alkyl. 1-oxo-Ci.ealkyl or 
cart)oxy-1-oxo-C,4ialkyl; and X is (H.OH), 0 or NOH; or a 
pharmaceutically acc^table salt or solvate thereof. 

20 Further examples of compounds of fomiula I above include mcamples 1 to 4. 

As used herein the term alkyi means a straight or branched chain alkyi group. 
Such alkyi groups include methyl, ethyl, i-propyl, n-propyl. n-butyl, s-butyl, 
t-butyl, n-pentyl, Isopentyl, neopentyl. n-hexyl, isohexyl and neohexyl. 
25 Reference to cydoalkyl includes cyclopropyl, cydopentyl and cyclohexyl. 

The tenn alkoxy has the meaning as understood by the person skilled in the 
art and includes straight and branched chains. Examples of alkoxy groups 
include methoxy and ethoxy. Preltorred alkoxy groups include Ci^lkoxy. 

30 

The term halogen includes chloro, bromo, fluoro and iodo. 
Triflate means trifluoromethanesulphonate. 

35 1-oxo-Ci.6alkyl or carboxy-1 -oxo-Ci^jalkyl groups include 1 -oxo-methyl. 1-oxo- 
ethyl, 1-oxo-propyl, 3-cartwxy-1-oxopropyl, 3-carboxy-1-oxobutyl and 
3-cart)0xy-1 -oxopentyl. 
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Preferred examples of Ri are phenyl and Ci^alkyl, for example, t-butyl 
(1.1-dlmethylethyl). isopropyl (1-methylethyl) or methyl, most preferably 
t-butyl and phenyl. 
R2 is preferably hydrogen. 

5 

Preferred examples of Rs include Ci.6alkyl. most preferably methyl. 

R4 is preferably hydrogen or Ci^alkyl. in particular methyl. 
X is preferably O. 

10 

Preferred compounds of formula I include those wherein Ri is phenyl or 
Ci.6alkyl, for example, t-butyl, isopropyl or methyl; Rj is hydrogen; R3 is 
Ci.ealkyl, most preferably methyl; R4 is hydrogen or Ci.«alkyl, in particular 
methyl; and X is O; or a pharmaoeuticatly acceptable salt or solvate thereof. 

IS 

Particularly preferred 16-hydroxy-11 -(substituted phenyl)-estra-4.9-diene 
derivatives of formula I include: 

(1ip,16a,17P)-11-(*<-*>uty'Phenyl)-16.17-dlhydroxy-17-(1-propynyl)estra- 
20 4.9-dien-3-one 

(1 ip,16a,17p)-1 1-(4-isopropylphenyl)-16,17-dihydroxy-17-(1-propynyl)estra- 
4.9-dien-3H)ne; 

25 (1 1 p, 1 6a, 1 7p)-1 1 -(4-methylphenyl)-1 6. 1 7-dihydroxy-1 7-(1 -propynyl)estra- 
4,9-dien-3-one; 

(1ip,16a,17P)-11-(1,1'-biphenyl-4-yl)-16.17-dihydroxy-17-{1-propynyl)estra- 
4.9-dien-3-one; 

30 

(1 1 p,16a,1 7P)-1 6,17-dihydroxy-1 1-(4-[(trifluoromethylsulfbnyl)oxylphenyll-1 7- 
(1 -propynyl)estra-4, Wien-3-one; 

or a pharmaceutically acceptable solvate thereof. 

35 

For therapeutic use, salts of the compounds of fbrmula I are those wherein 
the counterion is phamiaceutically acoeptEtt>le. However, salts of acids and 
bases which are norvpharmaceutically acceptable may also find use. for 
example, in the preparation or purification of a pharmaceutically acceptable 
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compound. All salts, whether pharmaceutically acceptable or not are 
included within the ambit of the present invention. 

Salts according to the Invention indude ammonium salts, alkali metal salts 
S such as those of sodium or potassium, alkali earth metals salts such as those 
of calcium and magnesium, salts with organic bases such as 
dicyclohexylamlne and N-methyl-D-glucamine, and salts with amino acids, 
such as arginine and lysine. 
Solvates according to the invention include hydrates. 

10 

In a further aspect of the invention there are provided the compounds of 
fbnnula I and their phamiaceutically acceptable salts or solvates for use In 
therapy, more particularly in the treatment or prophylaxis of glucocorticoid 
dependent diseases or symptoms such as Gushing syndrome, diabetes, 

15 glaucoma, sleep disturbances, depression, anxiety, atherosclerosis, 
hypertension, adiposity, osteoporosis, addiction and the treatment of the 
symptoms of withdrawal from substance abuse, for ^cample, narcotics, 
cxx»ine and alcohol. The compounds also find use in the treatmerrt of 
neurodegenerative diseases, such as, Alzheimers and psychotic disorders 

20 such as schizophrenia, mania, hyperactivity, substance abuse, emesis and 
schizophreniafbrm disorders. 

The compounds of formula I and their pharmaceutically acceptable salts and 
solvates and in particular the prefenwl compounds described supra are 
25 useful for the treatment of depression. 

The present invention further includes a mettiod for the treatinent of an 
animal, for example, a mammal including a human, suffering from or liable to 
suff^ from a glucocorticoid dependent disease including any of the 
30 aforementioned diseases or symptoms, which comprises administering an 
effective amount of a compound of fbmtula I or a pharmaceutically 
acceptable salt or solvate thereof. 

In yet a further aspect, the present invention provides ttie use of a compound 
35 of fomiula I or a pharmaceutically acceptable salt or solvate thereof for the 
manufacture of a medicament for the treatment or prophylaxis of any of the 
aforementioned diseases or symptoms. 
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The amount of a compound of formula I or a pharmaoeutically aooeptable salt 
or solvate, also referred to herein as the active ingredient, which is required 
to achieve a therapeutic effect will, of course, v«y with the particular 
compound, the route of administration, the age and condition of the redpient, 
S and the particular disorder or disease being treated. 

A suitable daily dose for any of the above mentioned disorders will be in the 
range of 0.001 to 50 mg per kilogram body weight of the recipient (e.g. a 
human) per day. preferably in the range of 0.01 to 20 mg per kilogram body 
10 weight per day and most preferably in the range 0.1 to 10 mg per kilogram 
body weight per day. The desired dose may be presented as one, two, three, 
four, five or more sutxtoses administered at appropriate intervals throughout 
the day. 

IS While it Is possible for the active ingredient to be administered alone, it is 
preferable to present it as a pharmaceutical fbnmilation. Accordingly, the 
present invention further provides a pharmaceutical formulation comprising a 
compound of formula I or a pharmaceutically acceptable salt or solvate 
thereof together with a pharmaceutically acceptable carrier thereof and 

20 optionally other therapeutic agents. The carrier must be 'acceptable' in the 
sense of being compatible v^h the other Ingredients of the formulation and 
not deleterious to the recipients thereof. 

Formulations include those suitable for oral, rectal, nasal, topical (including 
25 transdermal, buccal and sublingual), vaginal or parenteral (inchjding 
subcutaneous, intramuscular, intravenous, intradermal and intravitreal) 
administration. The formulations may be prepared by any methods well 
known in the art of pharmacy, for example, using methods such as those 
described in Gennaro ef a/.. Remington's Pharmaceutical Sciences (18tti ed.. 
30 Mack Publishing company, 1990. see especially Part 8: Pharmaceutical 
Preparations and their Manufacture). Such methods include the step of 
bringing into association the active ingredient with the carrier which 
constitutes one or more accessory ingredients. Such accessory ingredients 
inchide those conventional in the art, such as, fillers, binders, diluents, 
35 disintegrants, lubricants, colorants, flavoring agents and wetting agents. 

Formulations suitable for oral administration may be presented as discrete 
units such as pills, tablets or capsules each containing a predetermined 
amount of active ingredient; as a powder or granules; as a solutton or 
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suspension. The active ingredient may also be presented as a tx)lus or paste, 
or may be contained within liposomes. 

Formulations for rectal administration may t>e presented as a suppository or 
S enema. 

For parenteral administration, suitable formulations include aqueous and 
non-aqueous sterile injection. The formulations may be presented in unit- 
dose or multi-dose containers, for example, sealed vials and ampoules, and 
10 may be stored in a freeze dried (lyophilised) condition requiring only the 
addition of the sterile liquid carrier, for example, water prior to use. 

Formulations suitable for administration by nasal inhalation include fine dusts 
or mists which may be generated by means of metered dose pressurised 
1 S aerosols, nebulisers or insufflators. 

The present invention further includes the following processes for the 
preparation of a compound of formula I or a pharmaceutically acceptable salt 
or solvate thereof. 

20 

The compounds of formula I may be produced by various methods known in 
the art of organic chemistry in general. Starting materials are either known 
and readily available from chemical sources or may themselves be produced 
by conventional techniques. 
25 In the following description the symt)ols Ri, Ra. Rs, R4 and X have the 

meanings ascribed to them in formula I unless otherwise stated. 

According to a first general process (A), compounds of formula I may 
be prepared by dehydration and deprotection of a compound of fbrmula U 



30 
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wherein P is a protected keto group and Rs is a group R4 as defined in 
relation to formula I or a suitably protected R4 group. Suitable protecting 
groups and methods to remove these groups are known in the art, for 
example from T.W. Green: Protective Groups In Organic Synthesis (Wiley. 
5 NY, 1981)! Particularly suitable protecting groups for the protection of keto 
groups are acetate, for example, 1,2-ethylene ketal. Such groups may be 
removed, for example, by acid hydrolysis. 

Dehydration may be canied out using methods known In the art Typically. 
10 the reaction is carried out in the presence of a mineral acid, such as 
hydrochloric add or sulphuric acid in a suitable solvent, for example, acetone 
in a temperature range of -20 to 250c. 

According to a second general process (B). compounds of formula I wherein 
15 X te (H.OH) may be prepared by treating a con-esponding compound of 
fonnula I wherein X is 0 with a suitable reducing agent. For example, 
reduction with sodium borohydride in the presence of a solvent such as 
methanol, typically In a temperature range of 0 to 25<*C. 

20 According to a third general process (C), compounds of formula I wherein X 
is NOH may t>e prepared by condensation of a compound of formula I 
wherein X is O with a suitable oximating agent. For example, by treating the 
corresponding 3-keto compound with hydroxylamine in the presence of a 
suitable solvent such as pyridine. 

25 

Where necessary or desired, fbllowing the above process, any one or more 
of the fbllowing further steps in any order may be perfbmied: 
(i) converting a compound of formula I into a phannaceutically acceptable salt 
or solvate of a compound of fonnula 1; 
30 (ii) converting a phamnaceutically acceptable salt or solvate of a compound of 
formula I into a compound of formula 1; and 

(iii) converting a pharmaceutically acceptable salt or solvate of a compound 
of formula I into another pharmaceutically acceptable salt or solvate of a 
compound of formula L 

35 

A suitable process for the preparation of derivatives of fbmnula n starts with 
estra-6(10),9(ll)-diene^,17-dione-3-(cycllc 1.2-ethanediyl acetal) which may 
be prepared using methods described in EP 0683172 or according to the 
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method described herein below in example A. This compound is first 
converted into the 17-sllylenolether using methods well known In the art, for 
example, by reaction with lithium diisopropylamide and trimethylsllylchloride, 
immediately followed by reaction with phenyl-trimethylammonium tribromlde 

S in pyridine. The resulting 16a-bromo derivative is subsequently converted 
with sodium hydroxide in water and pyridine according to the procedure 
described in the J. Am. Chem. Soc. 102. 5402 (1980), into the corresponding 
3-protected 16a-hydroxysterold. Alkynylation at C17 followed by (optional) 
protection of the 16-hydroxy function (e.g. as TBDMS-ether see T.W. Green: 

10 Protective Groups in Organic Synthesis, Wiley, NY, 1981 ) and epoxidation of 
the 5(10) double bond (e.g. with hydrogen peroxide, trifluoroacetophenone 
and pyridine in dichloromethane according to EP 0298020) provides the 16- 
hydrQxy(protected)-3-ketoprotected So. 10a-epoxy-1 7o-alkynyl-1 7p-hydrpxy- 
estr-9(11)-en-3-one. A copper catalyzed Grignard reaction with this epoxide 

1 S eventually laads to compounds of formula n. 

In the alternative, compounds of fomiula n may conveniently be prepared 
using estra-5(10),9(11)-diene-3,17-dione-3-(cyclic 1,2-ethanediyl acetal) as a 
startffig material as herein before described. This compound may be 

20 converted into the con-esponding SalOa-epoxide e.g. with hydrogen 
peroxide, trifluoroacetophenone and pyridine in dichloromethane according to 
the procedure described in EP 0298020. A copper catalyzed Grignard 
reaction provides the con-esponding 3-protected-11-aryl-5-hydroxy-estr-9,10- 
en-17-one. Subsequent conversion into the 17-enol silylderivative (by 

25 treatment with LDA and trimethylsilylchloride) followed by bromination with 
phenyl-trimethylammonium tribromide in pyridine provides the corresponding 
16-bromide. The desired 16a-hydroxy function is introduced by nucleophilic 
substitution [sodium hydroxide, pyridine/water, according to the procedure 
described in J. Am. Chem. Soc. 102, 5402 (1980)J. Propynylation (propyne, 

30 n-BuLi) finally leads to the desired compound II. 

Compounds of fonnula I may be converted into a pharmaoeutically 
acceptable 1-oxo-Ci-*alkyl or carboxy-1-oxo-Ci-ialkyl by reaction with an 
appropriate esterifying agent, for example, by treatment with an appropriately 
35 activated cartjoxylic acid, like for example an acid chloride, or an activated 
dicarboxylic add. like for example a cyclic anhydride, using methods well 
known in the art. 
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The compounds of formula I, may be converted into pharmaceuticaliy 
acceptable salts thereof in a conventional manner, for example by treatment 
with the appropriate acid. 

5 The present Invention further includes ail novel intennediates defined herein 
and in particular compounds of formula D. 

Partioulariy preferred intemradiates include: 

10 5a,16a,17p-trihydroxy-1 1 P44-t-butylphenyll-17a-propynyl-e8tr-9^3-one 
3-(cycllc 1,2-ethanediyl aoetal); 

5a. 1 6o. 1 7p-trihydroxy-1 1 p-{4-t-butylphenylH 7a-pentynyl-estr-9-en-3-one 
3-(cyctic 1,2-ethanediyl acetal); 

15 

5a, 16a,1 7p-trihydroxy-1 ip-[4-t-butylphenyll-1 7a-hexynyl-estr-9-en-3-one 
3-(cydic 1,2-«thanedlyl acetal); 

5o,1 7p-dlhydroxy-1 1 p-[4-t-butylphenyll-16a-methoxy-1 7a-propynyl-e8tr-9-en- 
20 3-(cyclic 1 ,2-ethanedlyl acetal); 

21 -chloro-1 1 -(4-t-butylphenyl)-5a, 1 6a, 1 7p-trihydro)(y-1 9-norpregn-9-en-20- 
yn-3-one 3-<cyclic 1,2-ethanediyl acetal); 

25 or a pharmaceuticaliy acceptable salt or solvate thereof. 

The following examples are intended for illustration only and are not intended 
to limit the scope of the Invention in any way. 

30 Example A. 

gstra-5M0V9M 1 Vdiene^-3.17-dione 3.3-ethvleneketal 
A mixture of 500 ml of cyclohexane, 183 ml of triethyl orthofbmiate, 92 ml of 
ethylene glycol and 0.9 g of p-toluenesulphonic acid was stirred for 30 
35 minutes at room temperature and thereater heated to reflux The formed 
ethanol was together with cyclohexane distilled off but the volume was kept 
constant by addition of cydohexane. After 4.5 hours the residue of 
cyclohexane was distilled off and 1 eq. of the residue was added as a water 
scavenger under an atmosphere of nitrogen to 1 g of estra-4,9-diene-3,17- 
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dione, 0.1 eq. of hydrogen chloride in dioxane and 1.5 eq. of ethylene glycol 
in 15 ml of dimethbxyethane at -10°C. After 75 min. the reaction mixture was 
poured Into a saturated aqueous solution of sodium hydrogen cart)onate. The 
crystal mass was filtered off, washed with water and dried in vaojo, after 
S which 1.1 g of estra-5(10).9(11)-dlene-3.17 dione 3,3- ethyleneketal was 
detained. After crystallisation firom ethanol 1 g of product was otitained 
having a purity of twtter than 97%. 

EMmole 1. 

10 

M 1 R 16» 1 7BV1 1 ^4-t-butvlohenvn-16 1 7-dihvdroxv-17-M-DroDvnvnestra- 
4.9-dien-3-one 

a) 16-bmmo-^ra-^10),9(11)-diene-3, 17-di(me-3-(<^K:1,2-ethane<Sylao^^ 
IS A solution of 192 mmol LDA (prepared adding 120 ml of a 1.6 M n-BuLi 

solution to a solution of 34 ml diisopropyiamine in 340 ml of dry THF) was 
added dropwise to a cold (-30 "C) solution of 50 g (159 mmol) of estra- 
5(10),9(11)-diene-3.17-dione-3^cyclic 1.2-ethanediyl acetal) in 480 ml dry 
THF. Stirring was continued for 15 min. at -30 *C. Then, 60 ml (473 mmol) of 

20 trimethylsilylchloride was added dropwise and the solution was allowed to 
warm to 0 <*C over ca. 1 hour. Phenyl-trimethylammonium trit)romide (60 g, 
160 mmol), dissolved in 60 ml pyridine, was slowly added to this solution of 
the enol ether and after one hour the reaction mixture was wanned to room 
temperature. TLC irxiicated complete disappearance of the starting material 

25 and the fbnnation of a more lipophilic product (toluene/ethyl acetate; 85/15). 
Work-up was accomplished by pouring the reaction mixture into a cold 
ammonium chloride solution followed by extraction with dichloromethane. 
Drying with magnesium sulfate, filtration and evaporation of the solvents gave 
a semi-solid mass. Crystallisation ftom ethanol gave 41.8 g of the desired 

30 bromide (predominantly alpha) as ofNiiite crystals (m.p. 1 66.8-167.8 °C). 

b) 16a-hydroxy-^stra-5(10),9(11)Hilene-3,17-dione-3-(^dk: 1.2-ethaned 
acetal) 

40 g (101 mmol) of the product ot}tained under a) was dissolved in 840 ml dry 
35 pyridine. Under stirring. 240 ml water was added, followed by 120 ml of a IN 
NaOH solution. The temperature was kept below 25 ^'C. After stirring for 30 
min. at room temperature, TLC indicated complete conversion. The mixture 
was poured into a saturated ammonhim chloride solution. Extraction with 
dichloromethane, drying with magnesiun sulfate and evaporation of tlie 
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solvents provided the crude hydroxy compound as an oil. Column 
chromatography (silica gel, heptane/ethyl acetate 8/2) provided 18.8 g. of the 
pure 16a-hydroxy-estra-5(10),9(11)-diene-3,17-dione-3-(cyclic 1 ,2-ethanediyl 
acetal) as a foam. An analytical sample, crystallized from diethyl ether, 
S afforded white crystals; m.p. 1 88.4 - 190.6 "C. 

c) 16a,1 Tfidihydroxy-1 7a-propynyl-estra-5(10), 9(1 1)-diene-3, 1 T-dione-S- 
(cydic 1,2-ethanediylxetal) 

Into a three-necked flask, equipped with a gas-inlet tube and a dropping 
10 funnel containing 130 ml dry THF at -70 *»C, was added 106 ml of a 1.6 N n- 
BuLi solution in hexane. The solution turned yellow. Propyne gas was 
bubbled through this solution until the yellow colour disappeared. A vi^ite 
suspension had fonned and stirring was continued fbr 15 min at -70 X. Then, 
a solution of 18 g (54.3 mmol) of the previously obtained product, dissolved in 
IS 150 ml dry THF. was added dropwise to the cold solution of the propyne 
anion. After addition, the solution was allowed to warm slowly to -20 "C. After 
stirring for 2 hrs at that temperature, TLC indicated complete conversion of 
the starting material. Wortt-up was accomplished by pouring the mixture into 
a saturated ammonium chloride solution, fbllowed by extraction with 
20 dichloromethane. Drying with magnesium sulfate and evaporation of the 
solvents provided 19.8 g of the crude material. Purification using a short 
column (silica gel, heptane/iethyl acetate 1/1) provided 15.9 g of the desired 
pure compound. Crystallization of an analytical sample from diethyl ether 
afforded white crystals, m.p. 71 **C. 

25 

d) 16-TBDMS ether of 16a,17^ihydroxy-17a-pmpynyl-estra-5(10),9(11)- 
diene-3,17-dione-3-(cyclic 1,2-ethanediyl acetal) 

15.9 g (42.9 mmol) of the product obtained under c) was dissolved in 60 ml 
dry DMF. To this solution, 15 g imidazole was added fbllowed by 15 g (120 

30 mmol) of t-butyldimethylsilylchloride. After stimng for 3 hrs at 40 **C, TLC 
analysis indicated a quantitative conversion of the starting compound into 
one lipophilic product. The mixture was quenched with ammonium chloride 
solution, followed by extraction with dichloromethane. Drying with magnesium 
sulfate, followed by evaporation of the solvents afforded 35 g of the crude 

35 silyl compound which was used as such in the next step. 
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e) 16-TBDMS-ether of 5a, 10a-epoxy-17a-propynyl-1 7fi^ydroxy-estr-9( 1 1)- 
en'3-one'3-(cyclic-1.2-€thanediyl acetaO 

35 g of the crude product obtained under d) (maximum amount of pure 
compound 20.8 g. 42.9 mmol) was dissolved in 300 ml of dichloromethane; 

S subsequently 2 ml of pyridine, 5.3 ml of trifluoroaoetophenone and 70 ml of 
30% hydrogen peroxide were added and the resulting two-phase system was 
vigorously stirred at ambient temperature for 48 hours. The mixture was 
poured into water and the organic layer was separated and washed twice with 
saturated sodium thiosulfete solution. Drying with anhydrous magnesium 

10 sulfate, filtering and evaporation provided a semi-solid residue. Purification 
with column chromatography provided 16.4 g of the desired a-epoxide as 
amorphous material. 

f) 16-TBDMS-ether of 5a.16a.17fi'trihydfOxy-11fi-[4-t-butylphenylJ-17a- 
15 propynyh€Str-9-en-3-one 3-(cyclic 1 ,2-ethanediyl acetal) 

330 mg of CuCI were added at 0-5<* C to a solution of 4-t- 
butylphenylmagnesium bromide (prepared from 0.83 g (35 mmol) Mg and 6.0 
ml (34.5 mmol) 4-bromo-t-butyl benzene in SO ml dry THF). After stirring for 30 
min. at 0-5 **C, 2.5 g (5 mmol) of the previously obtained epoxide, dissolved in 

20 30 ml dry THF were added dropwise. while keeping the temperature below 
10** C. Stirring was continued for one hour at ambient temperature. Work-up 
was accomplished by pouring the mixture into a saturated ammonium 
chloride solution and extraction with ethyl acetate (2x). The combined organic 
layers were washed with brine, dried with anhydrous magnesium sulfate, 

25 filtered and concentrated. Column chromatography (silica gel, heptane/ethyl 
acetate 7/3) provided 2.7 g of the pure 1 1-substituted compound as white 
amorphous material. 

g) (1 Iff, 16a. 17fi)-1 1-(4-t-butylphenyl)-1S, 1 7-dihydmxy-1 7-(1-propynyf) 
30 estra-4,9'dien-3-cne 

2.7 gr (4.26 mmol) of the compound obtained under f) was dissolved in 50 ml 
acetone. At room temperature 3 ml 6N H2SO4 was added and the mixture was 
stirred for two hours. Then, the cold solution was poured into saturated 
sodium t>icarix)nate solution and the mixture was extracted with ethyl acetate 
35 (2x). The combined organic layere were washed with brine, dried with 
anhydrous magnesium sulfate, filtered and concentrated. Chromatography 
(dichloromethane/acetone W2) provided 1.6 g of the desired (1ip,16a.173)- 
1 1-(4-t-butylphenyl)-i6,17-dihydroxy-17-(1-propynyl)estra-4,9^ien-3-one as 
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a white solid. Crystailisation from diethyl ether afforded 1.2 g white crystals. 
m.p. 251 .6-253.8*0. 

Alternative procedure 
5 a) 5a, 10a-ef)oxy-estra-9(1 1)-diene-3, 17-dione-3-(cyclic 1,2-ethanediyl acetaO 
ISO g of estra-5(10),9(11)-diene-3,17-dione-3-<cyciic 1,2-ethanediyl acetal) 
478 mmol) was dissolved in 2.2 1 of dichloromethane; subsequently 14.4 mi of 
pyridine, 48 ml of trifluoroacetophenone and 666 ml of 30% hydrogen 
peroxide were added and the resulting two-phase system was vigorously 

10 stin-ed at ambient temperature for 48 hours. The mixture was poured into 
water and the organic layer was separated and washed twice with saturated 
sodium thiosulfate solution. Drying with anhydrous magnesium sulfate, 
filtering and evaporation provided a semi-solid residue. Crystallisation from 
ether/heptane afforded 80 g of the desired a-epoxide as white crystalline 

IS material (m.p. 153 "C). 

b) Sa-hydmxy-11-(4-t-butylphenyl)-estr'9-efh3, 17-dione-3-(cyclic 1,2- 

Q^anediyl-ao^al) 

900 mg of CuCI were added at 0-5° C to a solution of 20 g (60 mmol) of the 
20 previously obtained epoxide dissolved in 30 ml dry THF. The mixture was 
stirred for 20 min. and slowly a solution of 4-t-butylphenytmagnesium bromide 
(prepared from 5 g (200 mmol) Mg and 32.8 ml (200 mmol) 4-bromo-t- 
butylbenzene in 150 ml dry THF). were added dropwise, while keeping the 
temperature below 10" C. Stirring was continued for one hour at ambient 
25 temperature. Worfc-up was accomplished by pouring the mixture into 
saturated ammonium chloride solution and extracting with ethyl acetate (2x). 
The combined organic layers were washed with brine, dried with anhydrous 
magnesium sulfate, filtered and concentrated. Column chromatography (silica 
gel, heptane/ethyl acetate 7/3) provided 28 g of the desired 5a-hydroxy-1 ip- 
so [4-t-butylphenyl]estr-9-ene-3-one 3-(cyclic 1 ,2-ethanediyl acetal). 

c) 16c^-bmmo-5a^ydmxy-11/)-[4-t4)utylpheny^stfa-9-ene-3^ne-3-(cydi^ 
1,2-ettiane<S^ aoetaO 

A solution of 181 mmol LDA (prepared by adding 113 ml of a 1.6 M n-BuLi 
35 solution to a solution of 25.6 ml diisopropylamine in 400 ml dry THF) was 
added dropwise to a cold solution (-60 '^C) of 28 g (60 mmol) 5a-hydroxy-1 ip- 
(4-t-butylphenyt]-«str-9-en-3-one 3-(cyclic 1,2-ethanediyl acetal) in 700 ml dry 
THF. Stirring was continued for 30 min at -50**C. Then 38.3 mi of 
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trimethylsilylchloiide was added dropwise and the solution was stiired at -45 
^'C for 1 hour. After cooling the reaction mixture to -60 "C. 27.7 g (72.4 mmol) 
phenyltrimethylammonium tribromide, dissolved in 100 ml pyridine, was 
added dropwise. After 2 hours stirring at -60 **C TLC indicated complete 

S disappearance of the starting material and the formation of a more lipophilic 
product (heptane/ethyl acetate; 6/4). Work-up was accomplished by pouring 
the reaction mixture into ammonium chloride solution, followed by extraction 
with ethyl acetate. Drying over magnesium sulfate, filtration and evaporation 
of the solvents gave a semi-solid mass. Crystallisation from heptane, followed 

10 by a crystallisation from ethanol gave 20 g of the desired bromide as white 
crystals (m.p. 164-165 X). 

d) 5a, 16a-dihyclroxy-1 1fi-[4-44)utylphen^estr-9-en-3,17'dk)ne-3-(^dic 
1.2-ethan(Bdiyl acetal) 
IS 12.5 g (23.0 mmol) of the product obtained under a) was suspended in 400 
ml 75% pyridine in water. 27.5 mi 1 M NaOH was added. After stining for 30 
min at room temperature the starting compound was dissolved and TLC 
indicated complete oonvereion. 

The reaction mixture was poured into ammortium chloride solution and 
20 extracted with ethyl acetate. Drying with magnesium sulfate, evaporation of 
the solvents and co-evaporation with toluene provided the crude hydroxy 
compouTKl. Crystallisation from diisopropyl ether gave 9.0 g of the desired 
compound (m.p. 180-182 **C). 

25 e) 5a,16a,1 7a-trihydmxy'1 1fi-[4-t-butylphenyl]-1 7-(1'pmpynyl)e$tr-9-en'3- 
one-3-(cyclic 1,2-^ane(SylacetaO 

Into a three-nedced flask, equipped with a gas-inlet tube and a dropping 
funnel containing 130 ml dry THF at -70 ''C, was added 95 ml of a 1.6 N n- 
BuLi solution in hexane. The solution turned yellow. Propyne gas was 

30 bubbled through this' solution until the yeltow colour disappeared. A white 
suspension had formed and stirring was continued for 1 5 min at -70 ^C. Then, 
a solution of 18 g (38 mmol) of the previously obtained product, dissolved in 
150 ml dry THF. was added dropwise to the cold solution of the propyne 
anion. After the addition, the solution was allowed to warm slowly to -20 **C. 

35 After stirring fbr 2 hre at that temperature, TLC indicated complete conversion 
of the starting material. WortcHjp was accomplished by pouring the mixture 
into saturated ammonium chloride solution, followed by extraction wHh 
dichloromethane. Drying over magnesium sul^e and evapo^on of the 
solvents provided 19.8 g of the crude material. Purification using a short 
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column (silica gel. heptane/ethyl acetate 1/1) provided 18.5 g of the desired 
pure compound as a white foam. 

f) (11 A 16a,17fi)-11-(4-t-butylphenyO-16,17-dihydroxy'17-(1-propynyl)- 
S estra-4,9<tien-3-one 

2.7 g (4.26 mmol) of the compound obtained under e) was dissolved in 50 ml 
acetone. At room temperature 3 ml 6N H2SO4 was added and the mixture was 
stin'ed for two hours. Then, the cold solution was poured into saturated 
sodium bicarbonate solution and the mixture was extracted with ethyl acetate 
10 (2x). The combined organic layers were washed with brine, dried over 
anhydrous magnesium sulfate, filtered and concentrated. Chromatography 
(dichloromethane/acetone 8/2) provided 1,6 g of the desired (11|J,16a,17p)- 

1 1-(4-t-bulylphenyl)-16,17-dihydroxy-17-(1-propynyl)estra-4,9Klien-3-one as 
a white solid. CrystallisaUon lirom diethyl ether eSfonSed 1.2 g white crystals. 
15 m.p. 251 .6^253.8 -C. 

By substitution of the 4-bromo-t-butylbenzene by 4-bromo-isopropylbenzene, 
4-bromo-toluene and 4-bromo-biphenyl. the following products have been 
obtained: 

20 

1 A. f 1 1 B. 1 6a. 1 7Q^-1 1 -f4-isoDroDvlD henv»-1 6. 1 7^ihvdroxv.1 7-n -omnvpyl) 
estra-4.9-dien-3-Qna! m.p. 1S3.4-1S4.9 <*C. 

IB. f11fl.16ct.17flU11./4-methvlphanvl M6.17Kjihvdroxv-17-f1-Droovnvn 
25 e8tra-4.9-dien-3^a: m.p. 212.2-21 3.8 «C. 

1g. f11P.16a.17B)-11-(1.1'.biDhenvl.4-vl M617-dlhvdroicv-17-/1-Dropvnvl^ 
estra-4.9-dien-3-ona: m.p. 254.8-256.2 <*C. 

30 IP. 3E-and 3Z-f116.16ct.17fl M1-f4-t-butvlDhflnvH-16.17-dihvdrDxv-17. 
M-oroDvnvl^str a-4.9-dien-3-cne oxime : 

PfBpfirfltiffn: 200 mg (0.44 mmol) of (11p.16a,17p)-11-(4-t-butylphenyl)- 
16.l7-dihydroxy-17-(1-propynyl>^stra-4.9Klien-3^ne (obtained as described 
35 in 19 was dissolved in 1 ml pyridine. 70 mg (0.88 mmol) of hydroxylamine 
hydrochloride was added and the mixture was stirred at reflux temperature for 
40 minutes. The mixture was poured into water, neutralised with dilute 
hydrochloric acid and extf-acted with ethyl acetate. The organic layer was 
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washed with brine, dried over magnesium sulfate, filtered and evaporated to 
dryness. The crude oxime was subjected to a HPLC separation 
(acetonitrile/Vvater 40/60 -> 60/40) resulting in 39 mg 3Z-(1 ip,16a,17p)-11-(4- 
t-butylphenyl)-1 6, 1 7-dihydroxy-1 7-(1 -propynyl)-estra-4,9-dien-3-one oxime 
5 ((al^o = +30' (c=0.2, dioxane)) and 75 mg of 3E-{1ip,16a,17P)-11-(4-t- 
butylphenyl)-1 6, 1 7-dihydroxy-1 7-(1 -propynyl)-estra-4,9-dien-3-one oxime 
([af^D - +60' (c=0.6, dioxane)). 



10 Example 2. 

M 1R 16g 17BV1 1-f4-t-butvlDhenvlM6.17-dihvdroxv-19.21.27-trinorcholesta- 
4 9-dien-2Qf22Vvn-3^ne 

15 a) 5a,16a,17^trihydmxy-11/H4-t'but^phenyl]'17a-hexynyl-estr-9-en-3- 
one 3-(cydic 1. 2-ethanediyl acetal) 

1-Hexyne (2.88 g. 4 ml, 35 mmol) was dissolved in 75 mi dry THF; after 
cooling the solution to -20 "C. 20 ml of a 1.6 M nBuLi solution was added 
dropwise and the mixture was stirred at -20 ''C for 1 5 min. Then, a solution of 
20 2.4 g 5o,16a,17p-trihydroxy-11M4-t-butylphenylJ-estr-9-«n-3,17-dione 3- 
(cyclic 1. 2-ethanediyl acetal) in 50 ml THF was added dropwise and stirring 
was continued for 1 hr at -20 ^'C. 

Wori(-up was accomplished by pouring the mixture into saturated ammonium 
chloride solution, followed by extraction with ethyl acetate (2x), washing the 
25 combined organic layers with brine, drying with magnesium sulfate and 
evaporation of the solvents. This afforded the crude product as an oil. 
Trituration with diisopropyl ether afforded 800 mg of pure 5a,16a.17p- 
trihydroxy-1ip-{4-t-butylphenyl]-17a-hexynyl-estr-9-en-3-one 3-(cyclic 1,2- 
ethanediyl acetal) as white crystals; m.p. 182-183 °C. 

30 

b) (1 Ifi, 16a,17ff)-1 1-(4-t-butylphenyl)'16, 17'dihydroxy-19.21,27-trinor- 
cholesta-4,9-dien-20(22)-yn-3'One 

The 5a. 1 6a, 1 7p-trihydroxy-1 1 p-{4-t-butylphenyl)-1 7a-hexynyl-estr-9-en-3-one 
3-(cyclic 1, 2-ethanediyl acetal) obtained in the previous experiment was 
35 dissolved in 50 ml acetone: 1 ml 6N H2SO4 was added and stirring was 
continued for 30 min. TLC (heptane/ethyl acetate 1/1) showed complete 
conversion of the starting material Into two lipophilic products. Wor1(-up was 
accomplished by addition of saturated NaHCOs solution, followed by 



W098/317«n 



17 



PCr/EP98fl)0377 



extraction with ethyl acetate (2x), washing the combined organic layers with 
brine and drying over magnesium sulfate. Evaporation of the solvents gave 
the crude compound as an oil. Column chromatography (heptane-ethyl 
acetate 8/2 -> 6/4) provided 500 mg of the desired (11p,16a,173)-11-(4-t- 
5 butylphenyl)-1 6. 1 7-dihydroxy-1 9.21 ,27-trinorcholesta-4,9-dien-20(22)-yn-3- 
one as amorphous white material; (al^o - 34.2 (c = 0.5, dioxane). 

The following products were prepared according to examples 2a and 2b by 
using 1-pentyne, 3-methoxypropyne and acetylene, respectively: 

10 

2A /11 fl 16a. 1 7BV1 1 -r4-t -butvlDhenvh-16. 17-dihvdroxv-1 7-/1-Dentvnvl^ 
estra-4 ft^ien-3-one: (afo = 37.8 (c = 1 , dioxane). 

2B M1ft16tt.17BV11-f4-t-butvtohenvlM6.17-dihvdroxv-17-f3-niethoxv-1- 
15 propvnvltestra-4.9^ien-3^: m.p. 171.0- 171.6 ^C. 

2C M 1 fl l6tt.17B>-1 1 -f4-t-butvlDhenvlV16. 17-dihvdroxv-19-nororeona-4.9- 
dien-2Q-vn-3-one: (al"o = 46.9 (c = 1, dioxane). 

20 2D. M1B.16a.1 7BM6.17-dihvdroxv-1144-f /trifluoromethvlsulDhonvltoxvV 
phenvll-1 7-(1 -oropvnvnestra-4.9-dien-3-one: (aj'^o = 8.9 (c=1 dioxane). 



^arpplf ? 

25 

M 1 fl 1&T 17BV1 1-(4-t-b utvlDhenvn-17-hvdroxv-16-methoxv-17- 
/1-proDvnvltestra^.9-dien-3-one 

a) 5a-hydfOxy. 1 1fi'[4-t-butylphenyl]-16a-methoxy-estr-9-en-3,17-dione 3- 

30 (cyclic 1, 2-ethanediyl acetal) 

2.0 g (4.16 mmol) 5a,16a,17p-trihydroxy-1ip-(4-t-butylphenyl]-estr-9-ene- 
3,17-dione 3-(cydic 1, 2-ethanediyl acetal) was dissolved in 150 ml dry 
dichloromethane. To this solution 4.5 g 2,6-di-t-butyl-4-methylpyridine (15.75 
mmol) and 1.3 g trimethyloxonium-tetrafluoroborate (8.3 mmol) were added 

35 and the solution was stirred at room temperature. After three hours. TLC 
analysis (heptane/ethyl acetate/ethanoi 10/10/1) indicated complete 
conversion of the starting compound. Work-up was accomplished by addition 
of saturated sodium bicarbonate solution, followed by extraction with 
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dichloromethane. Evaporation of the solvent gave 2.6 g crude product, pure 
enough to be used in the next step. 

b) 5a, 17^ihydroKy-1 lfi^4-t-butylphenylJ-16a-methoxy'17a'propynyi-estr' 
5 9-en-3-oner3-(cyclic 1.2'ethanecliyfaoetal) 

The material obtained In the previous reaction was dissolved in 10 ml dry 
THF and added dropwise to a solution of propynyl lithium (prepared by 
adding propyne gas to a solution of 20 ml 1.3 M n-BuU until the yellow colour 
disappeared and changed Into a white suspension) at -60 The solution 

10 was allowed to wann to -20 and stirring was continued for 1 hr. Work-up 
was accomplished by pouring the mixture into a saturated ammonium 
chloride solution, followed by extraction with dichloromethane. Drying with 
magnesium sulfate and evaporation of the solvents gave tiie crude product 
which was purified with column chromatography (heptane/ethyl acetate 1/1). 

15 Yield: 1.15 g of ttie desired 5o,17p-dihydroxy-1ip-[4^-b"tylphenyll-16a- 
methoxy-17a-propynyl-estr-9-en-3-one-3-(cyclic 1.2-ethanediyl acetal) as 
amorphous white material. 

c) (11fi.16a.17fi^-11-(4-t'butylphenyO-174iydmxy-16-methoxy'17'(1- 

20 propynyl)-estra-4,9-dien'3-one 

The material (1 . 1 5 g) obtained In the previous reaction was dissolved in 20 ml 
acetone; 2 ml 2 N HCI were added and the mixture was stirred for 2 hrs at 
ambient temperature. Neutralisation with sodium bicarbonate solution and 
extraction with ethyl acetate provided, after washing with brine and drying 

25 over magnesium sulfate, the crude product. Column chromatography 
(heptane/ethyl acetate 1/1) provided 700 mg of the pure title compound as 
amorphous material; [af o = 50.1 (c = 0.5, dioxane). 
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Example 4 

r 11 R 1 &»■ 1 7B V21 -chloro-1 1 -f4-t-buMDhenvn-16. 1 7 ^ihvdroxv-1 a-nororeana- 
5 4 9-dien-20-vn-3-one 

a) 21-chloro-11-{4-t-butylphenyl)'5a, 16a, 17fiirihydroxy-19-norpf9g-9-^n- 
20-yn-3-one 3-(cyclic 1,2'ethanediyl acetal) 

10 Methyilithium (1 1 mi 2.2 M solution in dietliyl ether) was added dropwise at 0 
«C to a solution of 1.2 g trans-1^-dichloroethene (12 mmoi) in 5 ml dry 
diethyl ether. Stining was continued at room temperature for 1.5 hrs. Then, a 
solution of 1.4 g (3 mmoi) 5a,16a.17p-trihydroxy-11H^t-butylP^^e"yll-ostr-9- 
ene-3.17-dione 3-{cyclic 1 ,2-ethanediyl acetal) dissolved in 20 ml dry toluene 

IS was added dropwise and stirring was continued for 1 hr at ambient 
temperature. Work-up was accomplished by addition of saturated ammonium 
chloride solution, followed by extraction with ethyl acetate. Washing the 
organic layers with brine, drying over magnesium sulfate and evaporation of 
the solvents provided 2 g of the crude material. Column chromatography 

20 (heptane/ethyl acetate 1/1) provided 1.2 g of the desired 21 -chloro-1 1-(4-t- 
butylphenyl)-5o. 1 60, 1 7p-trihydroxy-1 9-norpregn-9-en-20-yn-3-one 3-(cycljc 
1,2-ethanediyl acetal) as white amorphous material purs enough to be used 
in the next step. 

25 b) (lip. 16a, 170^-21<hloro-11-(4-t-butylphenyl)-16. 1 T-dihydroxy-IB- 
norprdgna-4,9-dien-20-yn-3-cne 

According to the procedure described in example 3c. the material obtained in 
the previous reaction step gave after column chromatography 460 mg of the 
30 desired (1ip,iea,17p)-21-chloro-11-(4-t-butylphenyl)-16.17-dihydroxy-19- 
norpregna-4,9-dien-20-yn-3-one, which could be crystallized Irom diethyl 
ether. m.p. 202.2-202.7 "C (decomposes). 
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Examples 

Glucocorticoid Receptors (GR) and Progesterone Receptors (PR) Binding 
Affinities 

5 

In the following Table the receptor affinity of the compounds of the invention 
for glucocorticoid receptors (GR) related to progesterone receptors (PR) is 
presented. 

10 The glucocorticoid affinity of the compounds was measured for glucocorticoid 
receptors present in intact human multiple myeloma cells and compared with 
the affinity of dexamethasone (according to the procedure descrit)ed by H.J. 
Kloosterboeret al.. J. Steroid Biochem.. Vol. 31. 567-571 (1988)). 
The progesterone afRnify of the compounds was measured for <^plasmic 

IS progesterone receptors present in human breast tumor cells and compared 
with the affinity of (16a)-16-ethyl-21«hydraxy-19-norpregn-4-en-3,20-dione 
(according to the procedure described by E.W. Bergink et al.. J. Steroid 
Biochem.. Vol. 19, 1563-1570 (1983)). 

20 Results 

Example GRcyt(%) PRcyt(%) 



1 


372 


3.6 


1A 


317 


2.9 


2D 


136 


1.1 


RU 


193 


36 


(38)486 






(Schering) 


39 


0.3 



11 p-acetyl 

Compounds of the present invention vi«re compared with 1ip-(4- 
acetylphenyl)-16a.173-dihydroxy>17a-(1-propynyt)estra-4,9^ien^-one (the 
2S "11 p-acetyl' compound) disclosed in US patent No.5,089.635 and RU 
(38)486. The compounds according to the present invention showed high 
GRcyt while the urKlesired PR^ activity was low. 
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CLAIMS 

1. A compound of fbrmuia I 



5 




wherein R, is C^IM. C«cydoalkyl. C^alkoxy, triflate, pyridyl or phenyl 

where the phenyl moiety is optionally substituted by one or more 

substltuents selected from cyano. halogen and Ci^lkyl; 
10 Ra is hydrogen, Ci^alkyl. 1-oxo-Ci^kyl or cartwxy-l-oxo-Ci^lkyl; 

Rs is hydrogen, halogen or Ci^alkyl optionally subsUtuted by one or more 

substltuents selected fbnn Ci^alkoxy and halogen; 

R4 is hydrogen, Ci^lkyl, 1-oxo<Ci^lkyl or carboxy-l-Qxo-Ci^alkyl; and 

Xis(H,OH), OorNOH; 
IS or a phannaceutically acceptable salt or solvate thereof. 

2. A compound according to claim 1 wherein Ri is phenyl, triflate or Ci^alkyl; 
R3 is hydrogen; is hydrogen, halogen, Ci^lkyl optionally substituted by 
Ci^aikoxy; R4 is hydrogen or methyl; X is O; or a phameceutically 

20 acceptable salt or solvate thereof. 

3. A compound according to daim 1 or 2 wherein Ri is phenyl or Cmaikyl; R2 
is hydrogen; Rs is Ci^alkyl; R4 is hydrogen or Ct.ealkyl; and X is 0; or a 
pharmaoeutically acceptable salt or solvate thereof. 

25 

4. A compound according to any of daims 1 to 3 wherein R, is phenyl, t-butyl. 
isopropyl or methyl; Rj is hydrogen; is methyl; R4 is hydrogen or methyl; 
and X is O; or a phamiaceutically acceptable saK or solvate thereof. 
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5. A compound according to any of claims 1 to 4 selected from: 

(1 1 p, 1 6a, 1 7p)-1 1 -(4-t-txitylphenyl)-1 6, 1 7-dihydroxy-1 7-(1 -propynyl) 
S estra-4.9-dien-3-one; 

(1 1 p. 16a, 1 7p)-1 1 -{4-isopropylphenyl)-1 6. 1 7-dihydroxy-1 7-(1 -propynyl) 
estra-4.9-dien-3-one: 

10 (1 1 p. 1 6o, 1 7P)-1 1 -{4-methylphenyl)-16, 1 7-dihydroxy-1 7-(1 -propynyl)estra- 
4,9-dien-3-one; 

( 1 1 p, 16a, 1 7P)-1 1 -(1 . 1 •-biphenyl-4-yl)-1 6,1 7-dlhydroxy-1 7-(1 -propynyl) 
estra-4,9-dien-3-one; 

15 

(11 p, 1 6a, 1 7P)-1 6.17-dlhydroxy-11 -[4-{trifluoromethylsulfbnyl)oxylphenyll- 
1 7-(1 -propynyl)estra-4,9-dien-3-one: 

or a pharmaceutically acceptable salt or solvate thereof. 

20 

6. A compound of formula I or a pharmaceutically acceptable salt or solvate 
thereof, as defined according to any of claims 1 to 5 for use in therapy. 

7. Use of a compound of formula I or a pharmaceutically acceptable salt or 
25 solvate thereof, as defined according to any of claims 1 to 5, in the 

manufacture of a medicament for the treatment or prophylaxis of 
glucocorticoid dependent diseases or symptoms. 

8. A pharmaceutical formulation comprising a compound of fbnnula I or a 
30 pharmaceutically acceptable salt or solvate thereof, as defined according 

to any of claims 1 to 5, together with a pharmaceutically acceptable carrier. 
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9. A process for the preparation of a compound of formula I as defined in any 
of claims 1 to 5, comprising dehydration and deprotection of a compound 
of fbnmulan 

5 




wherein P is a protected keto group and Rs is a group R4 as defined in 
claim 1 or a suitably protected R4 group; 
10 optionally followed by treatment with a suitable reducing agent or with a 
suitable oximating agent; and optioruil conversion into a pharmaoeutically 
acceptable salt or solvate. 

1 0. A compound of formula II 

15 




20 



wherein Ri, R2 and R3 are as defined in claim 1, Rs is a group R4 as 
defined in claim 1 or a suitably protected R4 group and P is a protected 
keto group. 
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